Abstract. This paper is concerned with experimental analysis of the behaviour of mechanisms of sewing machines. There has been carried out mapping of the sound field in the vicinity of the sewing machine, in order to locate the source of impact loading and to establish the overall hygienic loading of the machine. Based upon this analysis, the acceleration of the needle bars has been measured. These two measuring have led to the conclusion that it is the cam mechanism which most contributes to the noise and impact loading.
Introduction
The present trend in the development of sewing machines is to shorten the sewing times in the sewing process and to increase the productivity of this process. Other requests upon sewing machines manufactured nowadays are e.g. silent running, minimum vibrations, long service life of employed mechanisms and easy operation of the machine [1] [2] [3] . The analysed Deco 2000 Hand Stitch sewing machine uses the floating needle system, developed by AMF Reece, to produce a "true hand stitch" as represented in figure 1.
Figure 1.
Hand stitch types. [7] The machine uses a double pointed needle which has an eye in the middle, as represented in figure 2 . By the use of two needle bars, one above and one below the work plate, a length of thread is passed through the material on every stitch, reproducing the seamstress work, accurately and at an incomparable speed. The needle bar is represented in figure 3 . Figure 2 . Double pointed needle. . [7] The needle bar performs a rectilinear reverse movement obtained by a cam mechanism. The sewing machine is operated at 190 rpm now. The aim of the manufacturer is to operate it at 250 rpm. This velocity can be achieved without any alterations of the machine design; however, in such a regime the sewing machine shows considerable vibrations and high levels of intensity of noise, which are undesirable, and because of hygienic regulations, not admissible legally. At the velocity of 250 rpm, the machine components wear out more, too, with shorter service life of the machine as consequence. The assignment of the experimental analysis has been to establish the hygienic loading of the machine with respect to its vicinity, and to find out critical points of the machine. For this purpose, the intensity of the sound has been measured, and the resultant weighted noise level has been determined. As the next step, there have been measured the values of acceleration of the needle bar in dependence upon the angular displacement of the main cam. The measuring points have been chosen on the needle bar. The measuring has been carried out both on the upper needle bar and on the lower one [4] [5] [6] .
Mapping of sound field in the vicinity of the sewing machine
The measuring of sound field has been performed by means of equipment of the firm Brüel & Kjaer. There has been employed a dual-channel analyser, a transducer of intensity of the sound, an acoustic calibrator and a sound intensity calibrating set. The measuring equipment has been set up to measure the intensity of sound, and adjusted by means of the calibrating set. The sewing machine has been surrounded with gauging grid with partial areas 10 cm x 10 cm. the measuring areas have been set out in the front and in the rear of the machine, in its L.H. and R.H. sides and in the upper section of the machine. The measured object has been operated at 190 rpm and 250 rpm in uncovered state, and in the operating regime of 250 rpm in covered state. In the centres of partial areas of the grid, there have been measured both the level of active intensity of sound (the vector component in the direction off the source) and the level of acoustic pressure. By means of the software, in the gauging grid there have been established the areas with a constant range of sound intensity. These areas have been visualised on the background of a photo of the measured object, for the purpose of the overall weighted noise level. The figure 4 shows the spectrum of the sound intensity level and of the level of acoustic pressure. The spectrum has been established at the front side (at the attendant's place) in the centre of the segment of the gauging area tracing out the position of the visible section of the sewing machine.
From the spectrum, there can be seen the dominant amplitude at the frequency 40Hz. Moreover, high amplitude can be seen at the frequency 315Hz. There is an increased level in the frequency band around 1-2 kHz, too. The frequency spectrum has a comb-like shape, which points to generation of impacts in the machine. Once the machine has been equipped with covers, the peaks in the frequency spectrum diminish. The difference between the level of sound intensity and the level of acoustic noise is due to the diffusion (reflectance) of the sound field. The following table shows the overall weighted levels of sound powers established in individual gauging areas. From the recorded courses of acceleration it is obvious unequivocally that needle bars are exposed to impact loading. These impact loads are generated in particular by the plays in the entire cinematic chain (play in the cam and link mechanism, plays in the seating of needle bars in the machine frame etc.). An incorrectly devised lift dependence on the cam can contribute to impact loading as well. The acceleration occurring on the upper needle bar is markedly higher than that on the lower needle bar, which can be caused by different adjustment of the needle bar
Laboratory Methods
mechanisms. There has been analysed the original adjustment of the machine from the manufacturing plant.
The maximum and minimum acceleration appearing on the measured components is many times higher than the theoretical values (these have been found out from the supplied data of geometry of the driving cam).
Conclusion
There has been carried out measuring of the sound intensity. This measuring has determined the overall weighted level of sound powers ascertained in the gauging areas. This measuring also indicates the maximum value of the level of sound power 83.6 dB at the velocity 250 rpm. in the covered state. Furthermore, the measuring has located the area with the biggest source of noise; it has been in particular the area of contact of the roller and the cam. In the second part of the experimental analysis, there has been performed measuring of acceleration of the needle bar. This measuring has established the maximum and minimum values of acceleration of the said components, and has identified the impact loading of the needle mechanism. 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270  280  290  300  310  320  330  340  350 
